of implant-supported rehabilitation on patient's oral health-related quality of life was assessed. [7] In a recent systematic review, Doornewaard et al. reported an implant survival rate of 97.3% after at least 5 years of functional loading with a peri-implant bone loss >3 mm occurring in just 5% of dental implants. [8] Several authors reported implant survival rate between 91.96% and 95.6% after a long-term follow-up
INTRODUCTION
Implant treatment is a successful and effective procedure for replacing missing teeth; [1, 2] over the years, numerous surfaces and coatings have been utilized to try to maximize on growth potential and secondary stability, increasing bone to implant contact values. [3] [4] [5] [6] A direct relationship between oral health and quality of life has been suggested in the majority of people, and a positive functional, social, and psychological impact of 15 years, highlighting the reliability of modern implant dentistry procedures. [9, 10] However, nowadays, peri-implantitis is considered as an emerging disease with pathogenic mechanisms still unknown and without long-term follow-up successful treatment strategies. [11] [12] [13] The prevalence of peri-implant diseases is controversial, depending mostly on study design and population; [14] Derks and Tomasi in 2015, reported 43% for mucositis and 22% for peri-implantitis. [15] Peri-implantitis and periodontal disease share similarities in etiology and clinical features. Microbiota associated are very similar, such as the species of the red and orange complexes, Prevotella nigrescens, Campylobacter rectus, and Aggregatibacter actinomycetemcomitans (Aa), as well as Staphylococcus aureus, enteric bacilli, and Candida albicans. [16] [17] [18] The extracellular matrix (ECM) plays an important role on bacterial adhesion to titanium surface, most notably Porphyromonas gingivalis. [19] ECM is a biologically active tissue and is one of the main components of gingival tissue; it is composed by a mixture of collagens, proteoglycans, and glycoproteins. [20, 21] Degradation of ECM is caused by the acute and chronic inflammation induced by peri-implantitis pathogens, with the activation of matrix metalloproteinases (MMPs), especially MMP-1-3-8-13, and inflammatory cytokines (tumor necrosis factor alpha [TNF-α], interleukin-1 [IL-1], IL-6). [22, 23] Over the years, several authors have reported autoimmunity and the presence of autoantibodies against ECM constituents in patients affected by peri-implantitis. [24] [25] [26] [27] The aim of this study is to compare patients with a healthy peri-implant environment and patients affected by peri-implantitis, evaluating the occurrence of antibodies to ECM molecules.
MATERIALS AND METHODS

Study design
To address the research purpose, the authors designed and implemented a case-control study.
The study sample was composed by a population of participants presenting at the university's department for peri-implantitis treatment. Recruitment started in January 2016 and ended in July 2016.
To be included in the study sample, patients had to meet specific inclusion and exclusion criteria [ Tables 1 and 2 ]. All patients signed the informed consent form according to the World Medical Declaration of Helsinki.
The study was approved by the Institution Review Board. A standardized (Rinn, Dentsply, York, PA, USA) periapical radiograph was taken for each implant to evaluate peri-implant bone loss levels. As for m SBI, m GI, and m PI, they were evaluated in 4 sites around implant and the mean value was calculated getting implant's score.
In detail, the diagnosis was established for dental implants having PPD values >5 mm, bleeding at probing or suppuration, and peri-implant bone loss >2 mm. Dental implants were considered as being "healthy" in the presence of PPD <5 mm, the absence of bleeding or suppuration, and peri-implant bone loss <2 mm.
Enzyme-linked immunosorbent assay
Serum of patients included in the study was collected and stored at −20°C until use. ECM antigens and bovine serum albumin (BSA) were diluted at 1-2 µg/mL; 100 mL of each mixture were incubated overnight at 37°C in polyvinyl chloride microtiter plates (Dynatech, Chantilly, VA, USA). Antigen-coated wells were then blocked with 5% nonfat dry milk in PBS for 1 h at 37°C and incubated with human sera. Sera were initially assayed at 1:25, 1:50, and 1:100 dilutions; each serum was assayed in duplicate for reactivity to ECM or BSA. Anti-ECM antibodies diluted at 1 µg/mL were used as positive controls.
After an overnight incubation at 4°C, the plates were washed 5 times with 1% nonfat dry milk in PBS, and goat antihuman IgG, IgM or goat anti-mouse or antirabbit IgG peroxidase-conjugated antibodies were added and incubated for 1 h at 37°C.
The plates were washed and wells were layered with a solution containing o-Phenylenediamine dihydrochloride in the presence of H 2 O 2 .
The reaction was blocked with 50 µL of H 2 SO 4 (4N) and absorbance of samples was read at 492 nm. Any serum producing an OD exceeding mean of control sera OD values ± 3 standard deviation (SD) was considered positive for autoantibodies presence.
Statistical analysis
Descriptive statistics (mean, frequency, range, SDs) was computed; the Fisher exact test was performed to evaluate statistical association. P < 0.05 was considered statistically significant. 
RESULTS
Forty-two patients were enrolled in this study, 27 females (64.28%) and 15 males (35.72%) with a mean age of 53 ± 29.69 years (age range 32-74).
Twenty-one patients had a diagnosis of peri-implantitis in at least one dental implant and constituted the test group, while 21 participants represented the control group, with dental implants classified as being healthy [ Table 3 ]. Dental implants of different brands were used, all implants had at least 5 years of functional loading.
The presence of immunoglobulins directed toward conformational epitopes of ECM collagens and glycoproteins in patient's sera was assessed by enzyme-linked immunosorbent assay.
The presence of antibodies to CIII was recorded in 6/21 (28.57%) patients of test group, compared to just 2/21 (9.52%) for the control group, showing a statistically significant difference (P < 0.05).
Just two patients showed antibodies to CIV in the test group, while none was observed in the control group (P > 0.05).
None of the patients in both groups showed antibodies to CV and FN.
Antibodies anti-CI and anti-LM were found in either group; anti-CI: 3/21 in test group and 2/21 in control group, anti-LM: 2/21 in test group and 2/21 in control group; however, their values were not statistically significant (P > 0.05).
DISCUSSION
The authors hypothesized the presence of ECM autoantibodies in serum of peri-implantitis patients; according to our results, only anti-CIII antibodies presented statistically significant values compared to control group.
Peri-implantitis was defined as a chronic inflammatory lesion, characterized by peri-implant bone loss, bleeding at probing and suppuration. [28] Albrektsson et al. in 2017, highlighted how lack of consensus on definition and diagnosis may affect peri-implantitis prevalence. [29] Papathanasiou et al. in 2016, founded eight different definitions of peri-implantitis, based on combination of several marginal bone loss values and PPD considered as threshold. [30] Peri-implantitis represents an emerging disease and like periodontitis, occurs mainly as a result of an overwhelming bacterial insult and subsequent host immune response, with a spontaneous progression if left untreated. [31, 32] In particular, several authors have reported that bacterial species associated with periodontitis and peri-implantitis are similar, including mainly Gram-negative anaerobes such as P. gingivalis, Prevotella intermedia, and Aa. [33, 34] Furthermore, proinflammatory cytokines (e.g. IL-1, IL-6, IL-8, and TNF-α) are upregulated in peri-implantitis and several authors suggested a possible role of autoimmunity as one of the pathogenic mechanisms of development of peri-implantitis. [35, 36] Autoantibodies to CI, FN, and LN have been detected in periodontitis patients, associated to an high level of cytokines and chemical mediators of inflammation. [37, 38] It is well established and documented that an abnormal activation of inflammation may lead to the development of autoimmune phenomena with the production of autoantibodies, which may contribute to damage caused by local inflammation. [39, 40] In this study, we demonstrated the presence of anti-CIII antibodies in peri-implantitis patients, thus suggesting that they may have a pathogenic role in the development of peri-implantitis.
Other antibodies tested were found to be not statistically significant or absent.
Autoantibodies directed toward ECM constituents may mediate bacterial adhesion to the implant surface, therefore, promoting biofilm formation and propagation.
The small size of the sample and absence of several ECM constituents, tenascin and vitronectin among others, in the group of antibodies tested, represented major limitations for this study.
Furthermore, due to the simultaneous presence of anti-CI/LM in either group, these antibodies might not influence final outcome of implant rehabilitation.
CONCLUSIONS
Within the limitations of this study, it can be concluded that further studies, with larger sample and different design, are necessary to address the research purpose, evaluating possible associations between anti-ECM antibodies and peri-implantitis.
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